We analyzed changes in gene expression in Caco-2 cells cocultured with THP-1 cells over time periods of 0, 1, 3, 6, 24, and 48 h using a DNA microarray. Differentially expressed genes extracted with maSigPro indicated that an early defense response and cell death occured at the same time, causing an inflammatory condition.
We constructed an in vitro inflammation model using a coculture system of macrophages and intestinal epithelial cells. 1) For the coculture system, intestinal epithelial Caco-2 cells were cultured in Transwell inserts above macrophage-like THP-1 cells so that they interacted only via soluble factors. This model is considered useful to provide new insight into intestinal inflammation, and also as a screening tool for antiinflammatory compounds. We found using this model that co-culturing with THP-1 cells induced damage to Caco-2 cells, primarily caused by TNF-secreted from THP-1 cells. However, little is known about how those molecules are regulated and how inflammation occurs. The present study was undertaken to determine how soluble factors secreted from THP-1 cells affect Caco-2 cells at the transcriptional level. The change in gene expression in Caco-2 cells that had been cocultured with THP-1 cells was analyzed using a DNA microarray, especially in the early stage of coculture.
Total RNA from Caco-2 cells that had been cocultured with THP-1 cells over duration of 0, 1, 3, 6, 24, and 48 h was extracted using Isogen (Nippon Gene, Tokyo) according to the manufacturer's instructions. Microarray analysis was performed according to the manufacturer's recommendations for HG-U133 plus 2.0 GeneChip (Affymetrix, Santa Clara, CA). GCOS was used to determine the presence, marginal presence, or absence of mRNA for the specific genes in each sample. MAS 5.0 (http://www.affymetrix.com/supprt/technical/ manuals.affx) was used for quantification of the microarray data. All microarray data were submitted to the National Center for Biotechnology Information (NCBI) Gene Expression Omnibus (http://www.ncbi.nlm.nih.gov/ geo/, GEO Series ID GSE17625). Based on the GCOS algorithm, 9,570 of >54;000 probe sets having a signal value of !200 in at least one time period were selected. Then these probe sets were divided into two groups: a signal value at 1 h no less than that at 0 h was assigned to the transiently up-regulated group (4,613 probe sets), and the others were assigned to the transiently down-regulated group (4,957 probe sets).
Differentially expressed genes were extracted with maSigPro package from Bioconductor 2, 3) which was designed for analysis of single and multi-series timecourse microarray experiments using statistical language R (http://www.r-project.org/). IEX-1 was obtained as the lowest p-value gene in the category of transiently upregulated genes, and annexin a2 pseudogene 2 as the lowest in the category of transiently down-regulated genes. Figure 1 shows a heat map of the genes expressed respectively in a pattern similar to IEX-1 and annexin a2 pseudogene 2. Most genes in the upper part of the heat map were rapidly up-regulated within 1 h after coculturing with THP-1 cells, and then slowly downregulated to the initial level. On the contrary, the genes selected for an expression pattern similar to annexin a2 pseudogene 2 were transiently down-regulated after coculturing, and subsequently increased to the initial level over time. The genes significantly associated with oxidative phosphorylation, transcription, translation, and cell cycle also decreased.
The functional annotation in Fig. 1 represents the functions of transiently up-regulated genes which were significantly associated with immunity, apoptosis, and protein kinase cascade. The increase in gene expression in Caco-2 cells was then confirmed by real-time RT-PCR, as previously described.
4) The expression of nine selected transiently up-regulated genes was observed to be changed by the DNA microarray (Fig. 2) . The category of immunity-related genes included such chemokines as IL-8, CXCL1, CXCL2, CXCL3, CXCL10, and CCL20. This rapid up-regulation at the early stage of coculturing might be regarded as an early protective response of Caco-2 cells to a forthcoming y To whom correspondence should be addressed. Fax: +81-3-5841-8026; E-mail: sabuyoko43@hotmail.com Abbreviations: GCOS, GeneChip operating software; IBD, inflammatory bowel disease; MAS 5.0, microarray analysis suite 5.0; NCBI, National Center for Biotechnology Information; TNF-, tumor necrosis factor-alpha Biosci. Biotechnol. Biochem., 74 (2), [437] [438] [439] 2010 Note severe inflammatory reaction induced by the soluble factors secreted by THP-1 cells, such as TNF-. Recent studies have revealed strongly elevated cytokine and chemokine levels in inflamed intestinal regions of IBD patients and animal models of experimental colitis.
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Puleston et al. have reported that gene expression of CXCL1, CXCL2, CXCL3, and CCL20 was up-regulated in active colonic IBD as compared with uninflamed areas, or tissues of a control.
6) It has also been reported that CXCL10 inhibition led to remission of chronic colitis in IL-10-/-mice, a model for spontaneous colitis that shows similarities to human CD. 7) These reports strongly confirm that Caco-2 cells cocultured with THP-1 cells are under inflammatory conditions. IEX-1, Mcl-1, TNFAIPs, and Nur77 were chosen as apoptosis-related genes (Fig. 2) . Apoptosis has been observed in the intestines of patients suffering from IBD. [8] [9] [10] Moreover, our previous findings have clarified that disrupted Caco-2 cells had both apoptotic and necrotic characteristics. 1) In the category of apoptosisrelated genes, anti-apoptotic genes as well as proapoptotic genes are included. The up-regulation in antiapoptotic genes might thus represent a protective response of the cells to avoid apoptosis.
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Genes related to protein kinase cascade, including IB, c-Rel, and TNFR1, were also up-regulated. We have found that stimulus by TNF-was transmitted via TNFR1 located on the membrane surfaces of Caco-2 cells. 1) Figure 2 shows an increase in TNFR1 expression in Caco-2 cells cocultured with THP-1 cells, and this suggests that the sensitivity of Caco-2 cells to TNFwas enhanced by coculturing.
Among differentially expressed genes, IEX-1 was found to have the lowest p-value gene (i.e., most significantly changed gene). IEX-1 is an immediate early response gene induced by such stimuli as irradiation, growth factors, LPS, and inflammatory cytokines, including TNF-and IL-1.
11) Here we report for the first time the relationship between IEX-1 expression and intestinal epithelial cell functions. Several reports have indicated that IEX-1 is involved in regulating apoptosis, although contradictory results on the pro-apoptotic and anti-apoptotic properties of IEX-1 have also been reported. [12] [13] [14] [15] These reports indicate that IEX-1 is passively involved in causing damage to intestinal epithelial cells cocultured with macrophages, but additional studies are needed to develop this suggestion.
In conclusion, the pattern for transiently up-regulated genes indicates not only an early defense response but also cell death starting at the same time, causing inflammation in the epithelium. In addition, IEX-1 was determined to be a deferentially expressed gene by DNA microarray analysis. We are currently investigating in more detail the role of IEX-1 in the process of damaging Caco-2 cells.
